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Hepatic porphyries have been associated with an increased risk of primary liver cancer (PLC), which on the other hand may
cause an increased porphyrin production. To evaluate the role of an underlying liver disorder we analyzed porphyrins in patients
with hepatocellular carcinoma (HCC) (n = 65), cholangiocellular carcinoma (n = 3), or suspected PLC, which turned out to
be metastases (n = 18) or a benign disorder (n = 11). None of the patients had a family history of porphyry or clinical signs
of porphyry. Increased aminolevulinic acid or porphyrin values were common not only in patients with PLC (43%) but also in
metastatic(50%)andbenign(64%)liverdisorders.ThecorrespondingproportionforHCCpatientswithlivercirrhosis(55%)was
higher (P<. 05) than in those without cirrhosis (17%). We conclude that symptomatic porphyries are unusual in PLC, whereas
elevated urinary and/or faecal porphyrins are common, primarily reﬂecting a parallel liver disease and not the PLC.
Copyright © 2009 Jerzy Kaczynski et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
1.Introduction
Primary liver cancer (PLC), and particularly its most
predominant histological type, hepatocellular carcinoma
(HCC), is one of the most common malignancies in the
world [1]. The incidence rates vary widely throughout the
world [2]. Sweden is a low-rate area where PLC accounts
for less than 2% of all diagnosed cancers [3]. Cirrhosis of
the liver plays an important role for the PLC development,
and important etiological factors for HCC are reported to be
hepatitis B and C viruses, alcohol, and diabetes [2, 4–8].
Among other causes of PLC an association with hep-
atic porphyries has been recognized, especially with acute
intermittent porphyry (AIP) [9–16] and porphyria cutanea
tarda (PCT) [15, 17–22], but also with porphyria variegata
[14, 16, 23] and hereditary coproporphyria [14, 16, 24]. A
relation between AIP and HCC was ﬁrst noted in northern
Sweden [9] and was supported in additional studies from
Scandinavia [10–13, 15, 25] and other countries [14, 16, 26,
27]. The incidence of HCC in PCT has been reported to be
from zero% to 34% [20, 21, 28–30].
The most common type of PCT is an acquired form,
which is triggered by toxic (e.g., alcohol) and infectious (e.g.,
hepatitis C virus) factors or haemosiderosis [28, 31, 32],
and liver cirrhosis and hepatic iron overload are common
associated ﬁndings [19]. Although each of these factors is
known to increase the risk of HCC as well [5, 6, 33, 34], it
has been suggested that PCT per se increases this risk further
[18, 22].
Porphyry in patients with PLC as a paraneoplastic phe-
nomenon is a well-documented but rare condition [19, 35,
36]. The reported cases had all photosensitive skin lesions,
but in several instances the pattern of porphyrin excretion
was not consistent with true PCT. Secondary AIP has also
been reported [37]. Abnormalities in porphyrin metabolism
without clinical picture resembling hepatic porphyries are
also described in patients with liver tumours and other
liver diseases [38, 39]. However, little is known about the
frequency and excretion patterns of urinary and particularly
faecal porphyrins in patients with PLC.
The aim of the present study was to determine the excre-
tion of urinary and faecal porphyrins and their precursors2 Gastroenterology Research and Practice
by conventional methods in PLC patients in order to
(i) reveal undiagnosed porphyry cases in order to elucidate
the signiﬁcance of porphyries for PLC, and (ii) examine
whether elevated urinary and/or faecal porphyrins are
associated with PLC per se, a parallel or another liver disease.
2.MaterialandMethods
2.1. Patients. This study was performed as a part of a
prospective study of patients with PLC in G¨ oteborg, Sweden.
All patients who were admitted to hospital because of a
strong suspicion of PLC and who came to the authors’
attention were included in the study, which was ethically
conducted in accordance with the principles of the 1983
Declaration of Helsinki. Since the diagnostic procedures
did not made it possible to conﬁrm or exclude PLC in
ﬁve of the 109 patients primarily included in the study,
they had to be excluded. In further 7 cases it was not
possible to determine the excretion of porphyrins and their
precursors, either because the sampling was not performed
for various reasons, such as unexpected death, or if it
was performed incorrectly or insuﬃcient, and so forth.
Of the remaining 97 cases (Table 1) the ﬁnal diagnosis
was PLC in 68 cases, malignancy other than PLC in 18
cases, and benign liver disorders in 11 cases. These latter
29 patients constituted control groups I and II in this
study.
All patients were interviewed (JK or SW) with regard to
clinical or family history of porphyries, haemochromatosis,
and chronic alcoholism. The patients were followed up by
personal examination and by study of their clinical records.
2.2. Sampling and Biochemical Analyses. Within one week
from the interview two samples of 24-hour urine and one
sample of faeces were collected from each studied subject.
One 10mL sample of 24-hour urine was alkalized with 5g
sodiumbicarbonateandanalyzedwithregardtothepresence
of porphobilinogen (PBG) with a qualitative method. The
presence of elevated concentrations of porphyrins were
analyzed in the same urine sample with a qualitative and/or
quantitative method (spectrophotometry) and expressed as
0-1 (absence-presence), in µmol/24hour and/or mmol/mol
creatinine. Aminolevulinic acid (ALA) was analyzed in
another 24-hour urine sample after acidiﬁcation with 30mL
hydrochloric acid, 5mol/L. It was determined by ion-
exchange chromatography and expressed in µmol/24hour
and/or mmol/mol creatinine. Porphyrins in faeces were
determined in a sample of about 5g, by thin-layer chro-
matography. Coproporphyrins (CPs) and protoporphyrins
(PPs)wereexpressedinnmol/gfaeces.Transferrinsaturation
in serum was also measured in every patient.
2.3. Histopathological Examinations. The specimens for
histopathological examination were obtained by biopsy ante
mortem (needle, wedge biopsy or tissue blocks of resected
tumours) or at autopsy. The formalin-ﬁxed, paraﬃn-
embedded tissue specimens were collected, and slides for
light microscopy were stained with haematoxylin and eosin.
To improve accuracy of the diagnosis, some cases were also
stained with Grimelius stain (silver) and chromogranine and
some were studied immunohistochemically by use of the
peroxidase/anti-peroxidase (PAP) method for presence of
alpha-fetoprotein, thyroglobulin, factor VIII, and prostate
speciﬁc antigen. The slides of all cases with ﬁnal diag-
nosis of HCC were also stained with Perl’s Prussian blue
stain for iron. Siderosis was graded as follows: (0) absent
(1) minimal, (2) moderate, (3) abundant, and (4) massive.
All the microscopic slides were reviewed by two of us (GH,
JK) and studied also with regard to the diagnosis and the
histology of available, nonneoplastic liver tissue.
PLC was classiﬁed according to Anthony and The
international working party [40, 41]. In eight cases without
available or insuﬃcient tissue specimens, a diagnosis of
HCC was established since they fulﬁlled at least two of the
followingthreecriteria:(1)diagnosisofHCCassaidbycyto-
logical examination of a ﬁne-needle aspiration specimen,
(2) radiological suspicion of PLC, and (3) alpha-fetoprotein
concentration in serum > 500µg/L [42].
2.4. Statistical Analyses. Standard statistical methods were
employed, using the group comparison t test for comparison
of two mean values and the chi-square or Fisher’s exact test
for comparison of two proportions.
3. Results
3.1. Patients. The mean age of the PLC patients at the time
of inclusion was 68 years with no signiﬁcant sex diﬀerences.
The male to female ratio was 3 : 1 (Table 1). The patients
with benign liver disorders were signiﬁcantly younger than
both PLC patients (P<. 01) and patients in control group I
(P<. 05). Twenty-one of the 97 patients (22%) had a history
of heavy alcohol consumption but there were no signiﬁcant
diﬀerences between the study groups.
None of the patients had a clinical or family history of
porphyry or haemochromatosis, nor did any of them exhibit
any porphyry symptoms during the followup. All patients
with PLC and metastatic liver disease died during the study
period.
3.2. Histopathology. There were 65 cases of HCC and 3 cases
of CCC. Cirrhosis of the liver could be established in 24 of
36 HCC cases (67%) in which nonneoplastic liver tissue was
available for microscopic examination. In seven additional
cases there was a strong clinical suspicion and/or typical
macroscopic appearance of cirrhosis at autopsy. In 22 HCC
cases, however, it was not possible to conﬁrm or exclude
cirrhosis clinically or histopathologically due to insuﬃcient
nonneoplastic liver tissue or autolytic changes. There was no
case of massive siderosis in the nonneoplastic liver tissue and
only four cases of moderate/abundant siderosis, all of which
had cirrhosis and HCC. Alcohol and hepatitis C were the
predominant causes of liver cirrhosis (Table 2). The cirrhosis
was unknown before HCC diagnosis in 18 cases and well
compensated in the remaining 13 patients.
In the control group I, that is, 18 patients with a
metastatic liver disease, there was one case with liver
cirrhosis.Gastroenterology Research and Practice 3
Table 1: Proportion of evaluable patients (%) with elevated urinary and/or faecal porphyrins measured as concentration of a metabolite
above the laboratory reference range (Upper limit of normal, ULN) in cases with primary liver cancer, metastatic liver disease, and benign
liver disorders. ALA : aminolevulinic acid; PBG : porphobilinogen.
Primary liver cancer Metastatic liver disease Benign liver disorders
n = 68 n = 18 n = 11
Age (years, range) 68 (49–92) 67 (39–81) 54 (27–74)
Sex (M/F) 51/17 9/9 4/7
U-ALA (% above ULN) 113 295 27
U-PBG (% above ULN) 02 05 08
U-Porhyrins (% above ULN) 151 125 139
F-Coproporhyrins (% above ULN) 204 307 509
F-Protoporphyrins (% above ULN) 354 456 338
1n = 65, 2n = 64, 3n = 61, 4n = 49, 5n = 17, 6n = 11, 7n = 10, 8n = 9, 9n = 8.





autoimmune hepatitis 1 3
primary biliary cirrhosis 1 3
alpha-1-antitrypsin deﬁciency 1 3
NASH 1 3
hepatitis B 0 0
unknown 9 29
1includes 2 cases with history of both alcohol abuse and hepatitis C.
In the control group II, that is, 11 patients with benign
liver diseases, there were four cases with liver cirrhosis, three
with histological normal liver or steatosis, two with liver
abscess, and one of each with peliosis hepatis and a benign
liver tumour (ﬁbrous histiocytoma).
3.3. Biochemistry. Totally, concentration values above the
laboratory reference range of at least one of ALA, urinary
porphyrins, CP, or PP in faeces, were found in 43% in
the PLC group, 50% in group I, and 64% in group II.
The diﬀerences between these groups were not signiﬁcant.
The corresponding ﬁgure for patients with HCC and liver
cirrhosis (55%) was higher (P<. 05) than for noncirrhotic
patients with HCC (17%).
ALA. There was no signiﬁcant diﬀerence in frequency of
increased concentration of ALA in urine between the groups
(Table 1). Most of these patients had only slightly increased
concentrations (reference limit < 40µmol/24h and <
3mmol/mol creatinine). The highest values (120µmol/24h
and 26mmol/mol creatinine) were found in a patient with
HCC without cirrhosis. This patient had a concentration of
porphyrins in urine and faeces within the reference range.
PBG. There was not a single case with qualitatively
detectable urinary levels of PBG.
Urinary Porphyrins. The presence of increased concentra-
tions of urinary porphyrins, measured qualitatively and/or
quantitatively, was noted more often in HCC patients with
than without liver cirrhosis (P<. 05) (Table 3). The highest
concentration of porphyrins, 1.4µmol/24hour (reference
limit < 0.6) and 0.26mol/mol creatinine (reference limit
< 0.04), was found in a patient with HCC and liver cirrhosis
related to alpha-1-antitrypsin deﬁciency.
Porphyrins in Faeces. The ﬁnding of increased concentra-
tions of CP and/or PP in faeces was common in both PLC
patients (39%) and the controls (45% and 44%, resp.). The
diﬀerences were not signiﬁcant. In HCC patients it was
more common (P<. 05) with increased concentrations of
CP and/or PP in faeces in those with underlying cirrhosis
(59%) than in noncirrhotic HCC patients (11%). The
highest value of CP, 64nmol/g faeces (reference limit <
20nmol/g), was found in a 71-year-old patient with modest
alcohol consumption and a high serum concentration of
alpha-fetoprotein (>10000µg/L). Due to autolytic changes
it was not possible to state a histopathological diagnosis.
At autopsy, however, the liver had a typical macroscopic
appearance of cirrhosis and HCC. The highest values of PP,
750 and 760nmol/g faeces (reference limit < 70nmol/g),
were found in a patient with alcoholic liver cirrhosis without
HCC and in a patient with liver cirrhosis of unknown
aetiology with HCC, respectively. The latter patient had also
the highest values of CP but values of ALA and porphyrins in
urine within the reference range.
There was no signiﬁcant diﬀerence in frequency of
increased urinary and/or faecal porphyrins between alco-
holics (43%) and other patients and (47%).
Siderosis of the Liver and Transferrin Saturation. One of the
four patients HCC with liver cirrhosis and siderosis had
increased concentrations of ALA and urinary porphyrins.
Two of these four patients and additional two had high
(>55%) transferrin saturation. They were all alcoholics.
One had increased concentrations of ALA and urinary
porphyrins (same patient as above) and one had increased
concentrations of urinary porphyrins and PP in faeces.4 Gastroenterology Research and Practice
Table 3:Frequencyofelevatedurinaryand/orfaecalporphyrinsin43patientswithhepatocellularcancer(HCC),wherepresenceofcirrhosis
could be established. In each column is given the proportion (%) of evaluable patients with concentrations above the laboratory reference
limit (Upper limit of normal, ULN). ALA : aminolevulinic acid; PBG : porphobilinogen; NS : non signiﬁcant.
HCC with cirrhosis HCC without cirrhosis Diﬀerence between groups
n = 31 n = 12
Age (years, range) 68 (49–83) 65 (51–72)
Sex (M/F) 27/4 6/6
U-ALA (% above ULN) 71 84 NS
U-PBG (% above ULN) 02 04 NS
U-Porhyrins (% above ULN) 281 04 P<. 05
F-Coproporhyrins (% above ULN) 363 95 NS
F-Protoporphyrins (% above ULN) 553 95 P<. 05
1n = 29, 2n = 28, 3n = 22, 4n = 12, 5n = 11.
4. Discussion
Our ﬁnding of a substantial number of PLC patients with
increasedconcentrationsofurinaryand/orfaecalporphyrins
should not be surprising, since porphyries are not unusual
in liver disease [28, 31, 32, 38, 39]. The characteristics of
the PLC patients in our study with regard to frequency of
cirrhosis, age, and sex are in agreement with ﬁndings in
a large comprehensive retrospective study from the same
area and should thus be regarded as representative for PLC
in Sweden [43]. It thus seemed appropriate to compare
porphyrin divergences in our PLC cases not with healthy
people but with patients suﬀering from other liver disorders,
especially patients with clinical signs suspect of PLC. Since
the frequency of elevated porphyrins, to our knowledge, has
notbeenstudiedinmetastaticliverdisease,thecontrolgroup
was divided in patients with either a benign or a malignant
(other than PLC) liver disorder.
There was not a single case of AIP or PCT in our
study, which indicates that porphyries generally play a minor
etiologic role for PLC. The ﬁnding of increased PBG in urine
in patients with PLC has been reported [44] but seems to
be rare. This is in accordance with the results in our study.
However, we cannot rule out the possible etiological role
of AIP in the development of PLC in single cases, since the
prevalence of this disease is low and only about one third of
the AIP gene carriers have increased PBG levels in the urine
[45].
An acquired form of PCT has been associated with
various liver disorders such as cirrhosis, and hepatitis C virus
infection [28, 38, 46]. The majority of PLC cases arise in
cirrhoticlivers[2]andhepatitisCvirusisonemajoretiologic
factor for HCC [5, 40]. Thus, most of the cases of PCT with
PLC seem to be the result of the same liver disorder.
None of the patients in our study developed a clinical
picture resembling hepatic porphyry. The patients with
elevated porphyrins had a pattern of ALA and porphyrin
excretion in urine and faeces, diﬀerent from that observed
in AIP and PCT. Since the prognosis for PLC is usually very
poor [47–49], the time would be too short for accumulation
of porphyrins to levels, giving clinical porphyry symptoms
[38]. In our study the median survival rate from the time of
the diagnosis was two months.
The ﬁnding of elevated urinary and/or faecal porphyrins,
withoutexhibitingclinicalsymptomsresemblingporphyries,
was common in PLC patients in our study. However, this
ﬁnding was also common in both patients with metastatic
and benign liver diseases. Since there was no characteristic
pattern of ALA and porphyrins excretion in PLC, increased
porphyrin secretion may indicate a liver disorder but not
speciﬁcally PLC.
Our results suggest that elevated urinary and faecal
porphyrins are common in many liver disorders, irrespective
of if they are malignant or not. Since the liver plays a
dominant role in haeme synthesis [50], it is not surprising
that functional morphological disturbances and malignant
degeneration may lead to disorderly haeme synthesis, not
unlike the porphyries [18, 38, 51]. The possible subsequent
clinical manifestation seems to depend on level and constel-
lation of porphyrin accumulation and excretion [38]. Thus,
in one study almost one-third of all patients with chronic
liver damage showed a pathological porphyrinuria [38].
However, porphyrinuria is often transient and reversible
[39].
Whatever the mechanism, both PLC and other liver
disorders may lead to increased ALA and/or porphyrins
synthesis, as shown in our study. This chronic porphyry
presents a variable constellation of ALA and porphyrin
excretion pattern in urine and faeces.
WeconcludethatalthoughincreasedALAandporphyrin
values in urine and/or faeces in PLC patients were found
to be frequent, this seems to cause symptomatic porphyries
only in exceptional cases. Since increased porphyrin values
were common especially in HCC patients with concomitant
cirrhosis, and also in other (malignant and benign) liver
diseases, these disturbances probably primarily reﬂect an
underlying, parallel or another liver disease and are not
characteristic for PLC per se.
Acknowledgments
The authors thank Professor Emeritus G¨ oran Lindstedt,
Department of Clinical Chemistry, Sahlgren’s University
Hospital, G¨ oteborg, Sweden, for scientiﬁc advice and help
with chemical analyses. The study was supported byGastroenterology Research and Practice 5
Grants from Research Foundation against Cancer, Jubileum-
skliniken, Sahlgren’s University Hospital, G¨ oteborg, Sweden.
They have no conﬂicts of interest to declare.
References
[1] D. M. Parkin, F. Bray, J. Ferlay, and P. Pisani, “Estimating the
world cancer burden: Globocan 2000,” InternationalJournalof
Cancer, vol. 94, no. 2, pp. 153–156, 2001.
[2] M. F. Bassendine, “Aetiological factors in hepatocellular
cancer,” Baillieres Clinical Gastroenterology,v o l .1 ,n o .1 ,p p .
1–16, 1987.
[3] The Cancer Registry, “Cancer incidence in Sweden 1958-
1979,” Tech. Rep., National Board of Health and Welfare,
Stockholm, Sweden, 1982.
[4] W. T. London, “Hepatitis B virus and primary hepatocellular
carcinoma,” in Advances in Viral Oncology, G. Klein, Ed., vol.
3, pp. 325–341, Raven, New York, NY, USA, 1983.
[5] M. A. Gerber, “Relation of hepatitis C virus to hepatocellular
carcinoma,” Journal of Hepatology, vol. 17, supplement 3, pp.
108–111, 1993.
[6] M. F. Bassendine, “Alcohol—a major risk factor for hepato-
cellular carcinoma?” Journal of Hepatology,v o l .2 ,n o .3 ,p p .
513–519, 1986.
[7] J. Kaczynski, G. Hansson, and S. Wallerstedt, “Diabetes: one
of few remarkable diﬀerences in clinicopathologic features
between cirrhotic and noncirrhotic Swedes with hepatocellu-
lar carcinoma,” Digestive Diseases and Sciences, vol. 51, no. 4,
pp. 796–802, 2006.
[8] H. B. El-Serag, H. Hampel, and F. Javadi, “The association
between diabetes and hepatocellular carcinoma: a systematic
review of epidemiologic evidence,” Clinical Gastroenterology
and Hepatology, vol. 4, no. 3, pp. 369–380, 2006.
[9] F. Lithner and L. Wetterberg, “Hepatocellular carcinoma
in patients with acute intermittent porphyria,” Acta Medica
Scandinavica, vol. 215, no. 3, pp. 271–274, 1984.
[10] L. Hardell, N. O. Bengtsson, U. Jonsson, S Eriksson, and
L. G. Larsson, “Aetiological aspects on primary liver cancer
with special regard to alcohol, organic solvents and acute
intermittent porphyria—an epidemiological investigation,”
British Journal of Cancer, vol. 50, no. 3, pp. 389–397, 1984.
[11] N. O. Bengtsson and L. Hardell, “Porphyrias, porphyrins and
hepatocellular cancer,” British Journal of Cancer, vol. 54, no. 1,
pp. 115–117, 1986.
[12] R. Kauppinen and P. Mustajoki, “Acute hepatic porphyria and
hepatocellular carcinoma,” British Journal of Cancer, vol. 57,
no. 1, pp. 117–120, 1988.
[13] C. Andersson, L. Bjersing, and F. Lithner, “The epidemiology
of hepatocellular carcinoma in patients with acute intermit-
tent porphyria,” Journal of Internal Medicine, vol. 240, no. 4,
pp. 195–201, 1996.
[ 1 4 ] C .A n d a n t ,H .P u y ,J .F a i v r e ,a n dJ .C .D e y b a c h ,“ A c u t eh e p a t i c
porphyrias and primary liver cancer,” The New England
Journal of Medicine, vol. 338, no. 25, pp. 1853–1854, 1998.
[15] M. S. Linet, G. Gridley, O. Nyren, et al., “Primary liver cancer,
other malignancies, and mortality risks following porphyria:
a cohort study in Denmark and Sweden,” American Journal of
Epidemiology, vol. 149, no. 11, pp. 1010–1015, 1999.
[16] C. Andant, H. Puy, C. Bogard, et al., “Hepatocellular carci-
noma in patients with acute hepatic porphyria: frequency of
occurrence and related factors,” Journal of Hepatology, vol. 32,
no. 6, pp. 933–939, 2000.
[17] V. Kordac, “Frequency of occurrence of hepatocellular carci-
noma in patients with porphyria cutanea tarda in long-term
follow-up,” Neoplasma, vol. 19, no. 2, pp. 135–139, 1972.
[18] J. A. Solis, P. Betancor, R. Campos, et al., “Association of
porphyria cutanea tarda and primary liver cancer,” Journal of
Dermatology, vol. 9, no. 2, pp. 131–137, 1982.
[19] G. E. Packe and C. W. F. Clarke, “Is porphyria cutanea tarda a
risk factor in the development of hepatocellular carcinoma?”
Oncology, vol. 42, no. 1, pp. 44–47, 1985.
[20] H. Salata, J. M. Cortes, R. Enriquez de Salamanca, et al.,
“Porphyria cutanea tarda and hepatocellular carcinoma—
frequency of occurrence and related factors,” Journal of
Hepatology, vol. 1, no. 5, pp. 477–487, 1985.
[ 2 1 ]P .D .S i e r s e m a ,F .J .W .t e nK a t e ,P .G .H .M u l d e r ,a n dJ .H .
P. Wilson, “Hepatocellular carcinoma in porphyria cutanea
tarda: frequency and factors related to its occurrence,” Liver,
vol. 12, no. 2, pp. 56–61, 1992.
[22] A. L. Fracanzani, E. Taioli, M. Sampietro, et al., “Liver cancer
risk is increased in patients with porphyria cutanea tarda in
comparison to matched control patients with chronic liver
disease,” Journal of Hepatology, vol. 35, no. 4, pp. 498–503,
2001.
[23] J. Germanaud, F. Luthier, X. Causse, et al., “A case of
association between hepatocellular carcinoma and porphyria
variegata,” Scandinavian Journal of Gastroenterology, vol. 29,
no. 7, pp. 671–672, 1994.
[ 2 4 ]C .A n d a n t ,H .P u y ,J .C .D e y b a c h ,J .C .S o u l e ,a n dY .
Nordmann, “Occurrence of hepatocellular carcinoma in a
case of hereditary coproporphyria,” American Journal of
Gastroenterology, vol. 92, no. 8, pp. 1389–1390, 1997.
[25] J. Kaczynski, G. Hansson, S. Thunell, L. Wetterberg, and S.
Wallerstedt, “Erythrocyte porphobilinogen deaminase activity
and primary liver cancer,” Journal of Internal Medicine, vol.
237, no. 3, pp. 309–313, 1995.
[ 2 6 ]J .G .G u b l e r ,M .J .B a r g e t z i ,a n dU .A .M e y e r ,“ P r i m a r yl i v e r
carcinoma in two sisters with acute intermittent porphyria,”
AmericanJournalofMedicine,vol.89,no.4,pp.540–541,1990.
[27] L. Bjersing, C. Andersson, and F. Lithner, “Hepatocellular
carcinoma in patients from northern Sweden with acute




infection a trigger of porphyria cutanea tarda?” The Lancet,
vol. 341, no. 8848, pp. 788–789, 1993.
[29] J. P. Gisbert, L. Garcia-Buey, A. Alonso, et al., “Hepatocellular
carcinoma risk in patients with porphyria cutanea tarda,”
European Journal of Gastroenterology and Hepatology, vol. 16,
no. 7, pp. 689–692, 2004.
[30] I. Rossmann-Ringdahl and R. Olsson, “Porphyria cutanea
tardainaSwedishpopulation:riskfactorsandcomplications,”
Acta Dermato-Venereologica, vol. 85, no. 4, pp. 337–341, 2005.
[31] H. W. Lim and J. M. Mascaro, “The porphyrias and hepato-
cellular carcinoma,” Dermatologic Clinics,v o l .1 3 ,n o .1 ,p p .
135–142, 1995.
[32] M.DeCastro ,J .Sanchez,J .H.Herrera,etal.,“HepatitisCvirus
antibodiesandliverdiseaseinpatientswithporphyriacutanea
tarda,” Hepatology, vol. 17, no. 4, pp. 551–557, 1993.
[33] C. Kassianides and M. C. Kew, “The clinical manifestations
and natural history of hepatocellular carcinoma,” Gastroen-
terology Clinics of North America, vol. 16, no. 4, pp. 553–562,
1987.6 Gastroenterology Research and Practice
[34] P. J. Johnson, “The clinical features and natural history of
malignant liver tumours,” Baillieres Clinical Gastroenterology,
vol. 1, no. 1, pp. 17–34, 1987.
[35] T. Ochiai, T. Morishima, and M. Kondo, “Symptomatic
porphyria secondary to hepatocellular carcinoma,” British
Journal of Dermatology, vol. 136, no. 1, pp. 129–131, 1997.
[36] W. S. Huang, L. Y. Liao, C. S. Wang, and P. H. Chen, “Hepato-
cellular carcinoma presenting with acquired porphyria: a case
report and review of the literature,” Changgeng Yi Xue Za Zhi,
vol. 22, no. 1, pp. 111–116, 1999.
[37] G. Lindstedt, L. W. Nillroth, C. von Sch´ eele, U. Schelin, B.
Swolin,andL.Zettergren,“Sendebutavporfyrihosenpatient
med prim¨ ar levercancer,” L¨ akartidningen, vol. 70, no. 47, pp.
4265–4266, 1973 (Swedish).
[38] M. Doss and G. A. Martini, “Porphyrin metabolism and liver
tumors,” in Primary Liver Tumors,H .R e m m e r ,H .M .B o l t ,P .
Bannasch, and H. Popper, Eds., pp. 409–420, University Park
Press, Baltimore, Md, USA, 1978.
[39] J. Ostrowski, P. Kosecki, M. Martynska, and B. Milewski,
“Urinary porphyrins in liver disease,” Scandinavian Journal of
Gastroenterology, vol. 19, no. 6, pp. 862–866, 1984.
[40] P. P. Anthony, “Tumours and tumour-like lesions of the liver
andbiliarytract,”inPathology of the Liver,R.N.M.MacS ween,
P. P. Anthony, P. J. Scheuer, A. D. Burt, and B. C. Portmann,
Eds., pp. 635–711, Churchill Livingstone, Edinburgh, UK, 3rd
edition, 1994.
[41] International working party, “Terminology of nodular hepa-
tocellular lesions,” Hepatology, vol. 22, pp. 983–993, 1995.
[42] L. S. Regan, “Screening for hepatocellular carcinoma in high-
risk individuals,” Archives of Internal Medicine, vol. 149, no. 8,
pp. 1741–1744, 1989.
[43] J. Kaczynski, G. Hansson, and S. Wallerstedt, “Incidence of
primary liver cancer and etiological aspects—a study of a
deﬁned population from a low endemic area,” British Journal
of Cancer, vol. 73, pp. 126–132, 1996.
[44] C. A. Pierach, I. C. Bossenmaier, R. A. Cardinal, and M. K.
Weimer, “Pseudoporphyria in a patient with hepatocellular
carcinoma,” American Journal of Medicine, vol. 76, no. 3, pp.
545–548, 1984.
[45] S. Thunell, “Diagnosis of disturbances of porphyrin
metabolism,” L¨ akartidningen, vol. 83, no. 39, pp. 3242–
3251, 1986 (Swedish).
[46] H. C. Wolfsen, C. S. Ng, A. J. Czaja, et al., “Hepatitis C virus
and porphyria cutanea tarda. A newly recognized association,”
Gastroenterology, vol. 104, supplement A-23, 1993.
[47] K.Okuda,H.Obata,Y.Nakajima,etal.,“Prognosisofprimary
hepatocellularcarcinoma,”Hepatology,vol.4,pp.3S–6S,1984.
[48] W .Shiu,G.Dewar ,N.Leung,etal.,“H epatocellularcarcinoma
in Hong Kong: clinical study on 340 cases,” Oncology, vol. 47,
no. 3, pp. 241–245, 1990.
[49] J.Kaczynski,G.Hansson,andS.Wallerstedt,“Clinicalfeatures
in hepatocellular carcinoma and the impact of autopsy on
diagnosis. A study of 530 cases from a low-endemicity area,”
Hepato-Gastroenterology, vol. 52, no. 66, pp. 1798–1802, 2005.
[50] S. Thunell, “Porphyrins, porphyrin metabolism and porphyr-
ias.I.Update,” Scandinavian Journal ofClinical andLaboratory
Investigation, vol. 60, no. 7, pp. 509–540, 2000.
[51] S.ThunellandP.Harper,“Porphyrins,porphyrinmetabolism,
porphyrias. III. Diagnosis, care and monitoring in porphyria
cutanea tarda—suggestions for a handling programme,” Scan-
dinavian Journal of Clinical and Laboratory Investigation, vol.
60, no. 7, pp. 561–579, 2000.